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INTRODUCTION 


The  fundamental  cause  of  inbore  explosions  is  related  to  the  interaction  of  an 
occasional  casting  flaw  with  the  brittleness  and  structural  weakness  of  a  composition  B 
casting.  The  flaw,  a  concentration  of  stress  at  a  discontinuity,  is  the  focus  of 
catastrophic  structural  failure  in  response  to  setback  stresses  at  launch.  This  creates  a 
finite  localized  hot-spot  which  can  initiate  burning  in  the  thermally  sensitive  explosive 
(ref  1 ).  The  timing  of  these  events  in  relation  to  the  reaction  rate  of  the  explosive  then 
allows  the  rupture  pressure  of  the  projectile  to  be  reached  before  it  can  exit  the  gun 
barrel. 

The  probability  of  an  accident  occurring  is  rare,  suggesting  that  the  prerequisites  for 
the  hazard  are  borderline.  An  appropriate  correction  or  response  at  any  of  four  steps 
(flaws,  mechanical  properties,  ignitability,  and  reaction  rate)  would  provide  an  interrup¬ 
tion  that  will  prevent  an  inbore  explosion.  The  premise  of  this  work  is  that  a  small 
improvement  at  each  step  would  reduce  the  probability  of  an  incident  progressing 
through  the  sequence  of  events  that  lead  to  an  accident.  This  would  cause  a  rare  event 
to  become  increasingly  more  rare  at  an  exponential  rate  proportional  to  the  degree  of 
improvements  made;  the  objective  being  to  make  the  potential  for  an  inbore  explosion  a 
statistically  improbable  occurrence. 

The  desired  improvements  appear  to  be  achievable.  There  are  suggestions  that  by 
combining  vacuum  degassing  (ref  2)  of  the  explosive  melt  with  pressure  casting  (ref  3) 
in  the  loaded  item  virtually  flaw-free  castings  could  be  achieved.  The  explosive's 
resistance  to  fracture  can  be  improved  with  additives  in  the  TNT  melt.  Work  performed 
in  Australia  (ref  4)  shows  that  a  small  quantity  of  hexanitrostilbene  (HNS)  can  increase 
the  toughness  of  TNT  by  a  factor  of  four.  A  similiar  result  should  be  obtained  in  com¬ 
position  B  where  Vr  provides  the  form  and  structure  of  the  cast  explosive  by  function- 
'u#  as  an  energetic  binder  for  crystalline  RDX. 

RDX  is  the  more  thermally  sensitive  of  the  two  explosives  in  composition  B.  Tests 
indicate  that  protecting  each  crystal  with  a  thin  coating  inhibits  ignition,  thereby  increas¬ 
ing  the  threshold  of  pressure  and  energy  required  to  ignite  the  explosive  in  a  projectile 
launch  situation  (ref  5).  Moreover,  closed  bomb  tests  show  that  coating  the  RDX  crys¬ 
tals  with  almost  any  compatible  polymeric  protectant  significantly  slows  the  reaction  rate 
of  composition  B  during  its  early  stages  of  combustion  (ref  6). 

Each  of  the  specific  goals  that  have  been  outlined  appear  to  be  attainable,  but  for 
optimum  effectiveness  all  the  desirable  properties  must  be  combined  within  one  for¬ 
mulation  without  developing  serious  negative  tradeoffs.  A  group  of  formulations  have 
been  selected  to  address  various  aspects  of  the  problem.  They  were  tested  for  effects 
on  the  inbore  hazard,  shock  sensitivity,  and  exudation. 
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CAST  LOADING  PROCEDURE 


Background  (Pressure  Casting) 

Casting  techniques  and  procedures  also  influence  the  response  of  explosives  to 
stimuli  and  in  this  regard  an  attempt  was  made  to  verify  results  reported  in  Australia  (ref 
3).  Using  the  closed  bomb  technique,  it  was  shown  that  the  deflagation  of  composition 
B  could  be  moderated,  during  the  early  stages  of  combustion,  by  allowing  the 
explosive-melt  to  solidify  under  positive  air  pressure  (pressure  casting).  This  is  an 
important  indication  that  the  cast  quality  of  the  material  had  been  improved  by  the 
procedure. 

Procedure  and  Results  (Pressure  Casting) 

A  batch  of  standard  composition  B  was  melted  and  poured  into  six  2.540  cm 
diameter  split  molds.  Three  of  the  molds  were  in  a  pressurizable  container.  Prior  to 
solidification  the  container  was  closed  and  pressurized  with  air  at  50  psi.  Specimens  of 
atmospheric  and  pressure  cast  materials  were  prepared  for  mechanical  property  and 
closed  bomb  testing.  The  densities  were  1.680  +  0.0010  and  1.697  +  0.0015  g/cc, 
respectively. 

For  mechanical  testing  the  specimens  were  machined  into  cylinders  1 .270  cm  in 
diameter  by  2.540  cm  long.  They  were  tested  in  compression  using  an  Instron  univer¬ 
sal  tester  at  1 8°C  and  a  crosshead  speed  of  0.127  cm/min.  The  results  are  summarized 
in  figure  1  (dotted  lines  represent  atmospheric  cast  composition  B).  The  area  under  the 
stress  versus  strain  curve  is  the  toughness  of  the  formulation  and  represents  the  energy 
required  to  fracture  it.  The  area  under  the  curve  was  used  as  a  basis  for  comparing  the 
mechanical  stabilities  of  the  several  formulations. 

Closed  bomb  testing  is  used  to  provide  an  indication  of  the  relative  reaction  rate 
(deflagration)  of  the  explosives  formulations.  For  this  test  cylindrical  specimens  2.540 
cm  in  diameter  and  approximately  4.5  cm  tong  were  used.  The  length  of  each 
specimen  was  adjusted  to  provide  a  constant  weight  of  37.77  grams.  The  samples 
were  burned  in  a  1 78  cc  closed  bomb  instrumented  to  measure  the  pressure  developed 
with  respect  to  lime.  A  differentiation  of  these  data  plotted  with  respect  to  pressure  is 
shown  in  figure  2.  The  pressure  reflects  the  force  per  unit  area  produced  by  the  evolv¬ 
ing  gases  in  relation  to  the  rate  at  which  they  are  being  generated  (dp/dt).  The  area 
under  the  curve  combines  all  the  factors  that  are  responsible  for  the  explosives  reaction 
rate  and  is  representative  of  deflagration  of  the  formulation  with  respect  to  conditions 
defined  by  the  particular  test  (vessel  volume,  geometry,  mass,  etc.)  (ref  6.  7. 8). 
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Results  and  Conclusions  (Pressure  Casting) 

Pressure  casting  at  50  psi  does  not  improve  the  compressive  toughness  of  stand¬ 
ard  composition  B;  however,  a  significant  change  is  observed  in  the  affect  the  pressure 
casting  has  on  the  explosive’s  burning  properties.  The  closed  bomb  burning  test  of 
composition  B  cast  in  an  atmosphere  of  50  psi  air  pressure  showed  a  50%  reduction  in 
the  deflagration  rate. 

Burning  is  essentially  a  surface  related  phenomenon.  The  rapid  deflagration  of 
composition  B  is  due  primarily  to  the  rate  at  which  RDX  crystals  are  released  from  the 
TNT  to  become  exposed  for  burning.  Microvoids  (porosity)  locked  within  the  cast  would 
influence  this  rate  of  surface  area  generation  and  contribute  to  the  catastrophic 
deflagration  rate  of  composition  B.  It  is  presumed  that  the  application  of  pressure 
during  solidification  compresses  these  microvoids  and  thereby  curtails  internal  surface 
areas  and  ignition  routes  that  influence  deflagration.  The  slightly  higher  density  of  the 
pressure-cast  composition  B  gives  credence  to  the  contention  that  the  pore  volume  is 
reduced  by  the  50  psi  pressure.  It  follows  that  a  procedure  w  vcn  can  control  porosity 
may  also  beneficially  control  the  number  and  severity  of  potential  casting  flaws. 


EXPERIMENTAL  FORMULATIONS 

Earlier  work  (ref  6)  has  shown  that  precoating  the  RDX  in  composition  B  with  a 
protectant  moderates  deflagration.  This  was  achieved  with  polysulfcne,  plasticized 
polycarbonate,  plasticized  cellulose  propionate,  and  even  with  the  standard  wax  addi¬ 
tive  used  in  regular  composition  B.  Polysulfone  (PS),  an  aromatic  heat  resistant 
polymer,  was  selected  for  this  work  because  of  its  potential  to  improvo  the  explosive's 
resistance  to  mechanical  breakup.  It  is  believed  that,  (a)  a  small  portion  of  the  polysul¬ 
fone  may  bleed  into  the  TNT  to  produce  seed  crystals  that  could  provide  the  basis  for 
increasing  the  toughness  of  the  cast,  and  (b)  that  the  coating  may  enhance  the  wetting 
between  the  RDX  crystals  and  the  TNT  matrix  to  soften  grain  boundries.  HNS  is  in¬ 
cluded  because  it  improves  the  quality  of  TNT  (ref  4). 

Both  TNT  and  composition  B  (40%  TNT)  exude  when  exposed  to  high  temperature 
storage.  Impurities  in  TNT.  high  temperature,  and  confinement  combine  to  cause 
tow-melting  eutectics  to  migrate  through  the  TN  * ,  thus  producing  a  potential  hazard 
situation.  Tnerefore,  an  additive  designed  to  control  exudation  is  also  included.  The 
antiexudate  is  a  50/50  mixture  of  cellulose  propionate  and  epoxy  plasticizers  (PCP). 

Ait  the  formulations  were  based  on  a  60/40  mixture  of  RDX/TNT.  with  the  percent¬ 
age  modifier  added.  For  the  various  formulations  of  this  study,  polysulfone  was 
precoated  on  RDX.  HNS  and  the  antiexudato  are  TNT  modifiers  dissolved  in  the  melt 
(0.1 2%  and  0.5%.  respectively).  Complete  descriptions  of  procedures  and  source 
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materials  can  be  found  in  reference  6.  The  general  formulations,  with  the  identification 
numbers,  used  in  this  study  are  listed  in  table  1.  These  formulations  were  subjected  to 
tests  for:  mechanical  properties,  thermal  ignitability,  deflagration,  shock  sensitivity, 
explosive  output,  and  exudation 


MECHANICAL  PROPERTIES 
Procedure  and  Results  (Uniaxial  Compression) 

The  same  procedures  used  to  evaluate  the  toughness  of  pressure  cast  composition 
B  were  used  for  the  seven  RDX/TNT  (60/40)  based  formulations.  The  stress  versus 
strain  curves  for  each  of  the  six  experimental  formulations  are  shown  in  figures  3a  -  3f 
and  compared  with  the  results  obtained  for  standard  composition  B  (dotted  lines).  The 
toughness  (area  under  the  curve)  is  measured  for  each  formulation  and  is  included  in 
the  graphical  comparison.  The  average  toughness  of  composition  B  is  assigned  a 
value  of  100%  and  a  relative  comparison  is  made.  A  summary  of  all  the  data  is 
presented  in  the  form  of  a  bar  graph  (fig.  4) 

Results  and  Conclusions  (Uniaxal  Compression) 

The  toughness  of  composition  B  can  be  improved.  All  the  experimental  formula¬ 
tions  have,  in  uniaxal  compression,  increased  their  ability  to  resist  breakup  or  fracture 
over  that  of  standard  composition  B  by  a  factor  of  three.  In  loaded  projectiles  this 
degree  of  improvement  can  be  expected  in  three  dimensions.  It  appears  that  the 
polysulfone  coating  is  responsible  for  the  improvement.  The  ability  of  HNS  to  improve 
cast  quality  was  not  confirmed  by  this  work.  Presumably  the  polysulfone  coating 
masked  its  effect. 

The  degree  of  improvement  achieved  would  be  sufficient  to  reduce  the  probability  of 
potential  inbore  explosions.  Although  this  probability  would  be  reduced  by  a  material 
that  is  three  times  tougher,  the  potential  for  an  accident  is  still  present  if  catastrophic 
brittle  failure  were  possible.  More  heal  energy  would  be  generated  during  the  collapse 
of  proportionately  stronger  materials.  Therefore,  it  is  also  important  to  desensitize  the 
explosive  to  ignition  and  slow  down  deflagration. 

Recommendations  (Unaxial  Compression) 

It  is  believed  that  the  improvement  in  the  toughness  of  composition  B  was  achieved 
by  some  of  the  polysulfone  coating  interacting  with  the  TNT  to  create  a  fine,  random, 
interlocking  crystal  structure  for  the  binder  similar  to  the  effect  of  HNS  with  TNT. 
However,  this  is  only  an  assumption.  The  mechanism  should  be  investigated  in  detail 
by  rnicroscopist  and  material  specialists  »n  order  to  take  full  advantage  of  the 
phenomenon. 


An  alternate  approach  to  prevent  catastrophic  brittle  failure  in  composition  B  may  be 
available.  There  is  a  family  of  additives,  miscible  with  TNT,  capable  or  imparting 
various  degrees  of  malability  to  the  physical  structure  of  Composition  B  (ref  9).  Plas¬ 
ticization  of  Composition  B  would  reduce  the  rapidity  of  the  ignition  energy  satisfying 
mechanism,  dissipating  the  mechanical  energy  created  by  collapse  over  broader  areas 
and  for  much  longer  time  periods,  virtually  eliminating  the  fundamental  cause  of  inbore 
accident.  A  detailed  study  to  determine  which  agent  could  impart  the  optimum  plastic 
flow  characteristics  in  TNT  with  the  least  amount  of  material  should  be  pursed. 


THERMAL  IGNITABILITY 


Background 

Inbore  ignitions  in  composition  B  are  initiated  by  a  finite  quantity  of  localized  heat 
energy  generated  by  dynamic  setback  pressures  induced  by  projectile  propulsion.  The 
test  employed  in  this  study  (ref  10)  evaluates  the  response  of  the  experimental  formula¬ 
tions  to  the  parameters  responsible  for  ignition  under  these  conditions  (pressure  and 
energy). 

Procedure  and  Results 

A  fixed  quantity  of  electrical  energy  is  discharged  into  a  1  ohm,  2.5  mil  diameter,  no. 
479  platinum  heater  which  is  located  in  the  center  of  a  3/4  gram  sample  housed  in  a 
fixture  that  permits  pressurized  loading  of  the  specimen  (fig.  5).  The  test  is  performed 
by  discharging  a  fixed  quantity  of  electical  energy  into  the  sample  and  varying  the  static 
pressure  load  according  to  a  25  shot  Bruceton  up  and  down  procedure.  The  ex¬ 
plosive's  50%  probability  of  an  ignition  response  is  obtained  with  respect  to  a  specific 
combination  of  pressure  and  energy.  This  test  is  repeated  at  several  energy  levels 
providing  data  for  straight  lines  which  are  used  to  determine  the  relative  effectiveness  of 
additives  to  desensitize  RDX/TNT  (60/40)  against  hotspot  ignition. 

A  measurement  of  the  energy  delivered  to  the  healer  was  obtained  for  each  shot  in 
the  Bruceton  series.  The  average,  with  its  corresponding  Bruceton  denved  50% -fire 
pressure  oi  initiation,  is  tabulated  in  table  2  tor  each  explosive  tested.  The  reciprocal  of 
this  pressure  versus  the  energy  input,  produces  a  linear  relationship  that  is  used  to  rank 
the  thermal  sensitivity  ot  the  explosives.  The  coefficients  for  a  straight  line  equation  for 
these  data  sre  shown  in  table  3  together  with  the  correlation  of  determination  (r*). 

Values  of  t3  close  lo  1 .00  indicate  a  very  good  fit  to  the  data,  providing  an  indication  of 
the  overall  precision  of  the  entire  population  tested. 
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With  reference  to  standard  composition  B,  these  data  are  plotted  in  three  ways  to 
demonstrate  several  points.  Precoating  RDX  in  the  formulations  with  polysulfone 
increases  the  pressure  and  energy  required  to  stimulate  an  ignition  (fig.  6).  The  reac¬ 
tive  constituents  of  composition  B  are  desensitized  against  thermal  ignition  in  proportion 
to  the  quantity  of  materia!  used  to  coat  the  RDX. 

HNS  and  the  antiexudate  (PCP)  are  special  purpose  TNT  modifiers  added  to  the 
melt  prior  to  casting.  When  these  modifiers  are  combined  in  the  formulation,  they  do 
not  interfere  with  the  ability  of  the  polysulfone  protective  coating  to  inhibit  ignition  (fig. 
7). 


In  figure  8,  the  ability  of  HNS  to  effect  ignition  is  separated  from  that  of  the  an¬ 
tiexudate  and  compared  with  the  combined  formulation.  This  shows  that  HNS  in  com¬ 
bination  with  a  coated  RDX  enhances  desensitization  and  that  this,  desirable  property  is 
neutralized  when  the  antiexudate  is  added  to  the  mixture. 


Conclusions  and  Recommendations 


The  major  conclusion  that  can  be  drawn  from  these  results  is  that  composition  B 
can  be  measurably  desensitized  against  thermal  ignition  with  small  quantities  of  addi¬ 
tives.  The  combination  of  pressure  and  energy  required  to  stimulate  an  ignition  is 
increased;  therefore,  it  can  be  expected  that  the  probability  of  an  inbore  ignition  would 
be  reduced  further  at  the  third  stage  of  the  sequence  leading  to  an  inbore  explosion. 


The  thermal  desensitization  was  achieved  with  the  RDX  precoated  with  a  protectant 
and  further  enhanced  with  a  modifier  in  the  TNT  melt.  In  this  case  the  protective  coat¬ 
ing  is  polysulfone  and  the  TNT  modifier  in  HNS;  however,  it  must  be  assumed  that  there 
are  other  materials  that  would  function  as  well  or  better.  Although  the  mechanism  of 
desensitization  is  not  well  understood,  it  is  believed  that  the  polysulfone  coating  is 
chemically  passive  and  it  is  merely  its  location  and  physical  presence  that  cause  it  to 
function  as  a  thermal  barrier  for  RDX.  It  is  possible  that  compounds  which  actively 
quench  thermal  reactions  such  as  hydrated  coolants  (ref  2)  or  reaction  scavanging  ionic 
flame  suppressants  (ref  9)  when  strategically  targeted  may  desensitze  the  explosive 
against  hotspot  ignition  even  more  effectively. 


DEFLAGRATION 


Background 


Utilization  of  the  closed  bomb  techniques  as  applied  generally  to  the  burning  of  gun 
propellants  provides  insight  into  the  burning  behavior  of  composition  B  (ref  8).  When 
ignited  at  atmospheric  pressure  composition  B  first  burns  upon  it  surface  according  to 


standard  linear  regression  laws.  Its  catastrophic  deflagration  begins  when  the  combina¬ 
tion  of  temperature  and  pressure  in  the  reaction  zone  causes  the  release  of  individual 
particles  of  RDX  from  the  TNT  binder  for  surface  burning.  As  ourning  progresses,  the 
surface  area  of  the  RDX  increases  at  a  rate  which  accelerates  as  a  function  of  pressure 
while  each  RDX  particle  regresses  toward  its  geometiicai  center  at  a  burning  rate  which 
also  accelerates  as  a  function  of  pressure.  Simultaneously,  the  burning  TNT  is  con¬ 
tributing  its  share  to  the  developing  pressure.  These  three  accelerating  mechanisms 
coalesce  to  cause  catastrophic  burning  in  composition  B. 

The  standard  1%  wax  added  to  composition  B  moderates  deflagration.  During  melt 
casting  a  portion  of  the  wax  (immiscible  in  TNT}  coats  the  RDX  crystals.  This  coating 
appears  to  inhibit  the  response  of  each  RDX  particle  in  the  sequence  of  ignition  and 
burning.  This  has  the  effect  of  slowing  down  the  burning  of  the  explosive.  Based  on 
this  it  was  found  that  intentionally  precoating  the  RDX  with  a  polymeric  protectant 
significantly  improved  this  ability  to  control  deflagration  in  composition  B. 

Procedure  and  Results 

The  closed  I  m1'  technique  discussed  under  the  pressure  casting  section  was  also 
used  here,  the  Aception  being  that  the  specimen  weight,  was  based  on  a  constant 
37.40  grams  of  the  reactive  ingredients  (RDX/TNT).  A  complete  series  of  the  seven 
formulations  were  tested  on  three  consecutive  days  in  order  of  their  sample  identifica¬ 
tion  numbers.  The  deflagration  related  data,  in  the  form  of  dp/dt  versus  pressure  is 
plotted  in  figures  9a-9f.  Each  of  the  formulations  is  shown  relative  to  standard  com¬ 
position  B  (dotted  lines).  The  area  under  these  curves  are  listed  on  the  graphs.  The 
area  under  the  curve  for  regular  composition  B  is  assigned  a  value  of  100%  and  a 
relative  comparison  based  on  this  value  is  made  for  the  experimental  formulation.  A 
summary  of  these  data  are  represented  in  the  form  of  a  bar  graph  (fig.  10). 

For  the  convenience  of  the  reader  a  summary  of  some  earlier  reported  data  (ref  5) 
is  repeated  in  figure  1 1 .  The  same  procedures  were  followed  using  a  smaller  specimen 
weight  (32.00  grams). 

Discussion  of  Results  and  Conclusions 

The  results  reported  here  were  not  consistent  with  earlier  reported  work  The 
earlier  work  indicated  that  several  RDX  coatings  (standard  wax,  polysulfone,  polycar¬ 
bonate.  and  cellulose  propionate)  moderated  deflagration  and  that  this  enhancement 
was  not  seriously  compromised  by  the  addition  of  TNT  modifiers  (HNS  and  the  an- 
tiexudate.  PCP).  In  this  work  the  1%  polysulfone  coating  achieved  a  50%  reduction  in 
deflagration,  but  the  addition  of  TNT  modifiers,  either  separately  or  together,  nullified 
the  effect.  Even  more  surprising  *s  that  increasing  the  quantity  of  what  is  thought  to  be 
a  protective  layer  around  the  RDX  appears  to  increase  the  rate  of  deflagration. 


It  is  believed  that  both  sets  of  data  are  correct  and  that  it  is  in  the  preparation  of  the 
materials  tested  that  the  differences  are  found.  The  intention  was  to  coat  the  RDX  with 
a  protectant  that  would  totally  envelop  each  particle  and  remain  in  place  during  the  melt 
and  casting  procedure.  Microscopic  examinations  of  the  cast  material  were  ambiguous, 
and  it  has  become  doubtful  that  the  coating  was  obtained  to  the  degree  expected.  In 
spite  of  the  contradictory  data,  it  is  still  believed  that  protective  coatings  can  inhibit 
deflagration  in  the  presence  of  TNT  modifiers  (refs.  5,  6,  8).  These  results  point  up  the 
need  for  procedures  that  achieve  complete  coverage  and  satisfactory  bonding  of  the 
coating  material  to  each  RDX  crystal. 

The  coatings  for  this  work  were  applied  to  the  RDX  by  wet  chemistry  techniques 
that  resulted  in  conglomeration  for  the  2%  and  3%  formulations.  These  aggiegates 
required  mechanicai  processing  that  could  expose  bare  RDX.  Spray  drying  equipment 
is  now  becoming  available  which  promises  efficiently  produced  RDX  coatings  of  supe¬ 
rior  quality.  Preliminary  test  with  inerts  indicate  that  almost  any  desired  coating  thick¬ 
ness  can  be  applied  to  powder  surfaces  and  quality  or  coverage  can  be  demonstrated 
with  various  dyes. 

Recommendations 

Slowing  the  reaction  rate  of  composition  B  in  the  early  stages  of  ignition  and  burn¬ 
ing  is  extremely  important  to  ail  deflagration  hazard  situations  as  weil  as  to  its  inbore 
explosion  problem.  This  can  be  accomplished  with  a  protective  coating  enveloping  the 
RDX  and  also  by  minimizing  porosity  with  pressure  casting.  The  experimental  protec¬ 
tive  coatings  used  thus  far  have  been  passive  in  that  they  appeared  to  function  as 
simple  thermal  barriers  to  ignition  and  the  subsequent  propagation  rate  of  ignition  and 
burning  into  the  explosive. 

This  encourages  the  concept  of  going  to  tne  next  step  and  using  active  flame 
retardents  such  as  hydrates  (ref  2)  or  ionic  flame  suppressants  (ref  9).  These  types  of 
additives,  targeted  to  quer.ch  reactions  on  demand,  in  combination  with  pressure 
casting  may  inhibit  or  delay  initial  ignitions  and  slow  any  potential  combustions  suffi¬ 
ciently  to  assure  a  down  range  (out-ol-bore)  explosion  of  the  projectile  in  the  event  all 
preventive  measures  had  failed. 


SHOCK  SENSITIVITY 

Procedure  and  Results 

The  formulation  modifications  are  aimed  at  controlling  the  hazards  that  arise  from 
ignition  and  burning.  It  is  equally  important  to  know  how  these  modifications  affect 
shock  sensitivity  and  performance  (detonation).  The  exploding  foil  slapper  technique 
was  used  to  evaluate  shock  sensitivity  (ref  il).  A  modification  of  that  test  equipment 
was  used  to  provide  an  indication  of  relative  output  \ref  1 2). 


The  exploding  foil  shock  sensitivity  tester  utilizes  energy  stored  in  a  capapacitor  to 
propel  a  thin  filmed  flyer  plate  to  impact  an  explosive  specimen  which  is  pressed  at 
35,000  psi  within  the  confinement  of  a  steel  sample  holder.  The  flyer  plate,  at  a  velocity 
proportional  to  the  capacitor  charge  produces  a  precise  increment  of  shock  pressure  in 
the  explosive  which  stimulates  related  initiations  and  reactions.  A  linear  relationship, 
over  the  range  of  the  tests,  allows  the  capacitor  charging  voltage  to  be  used  as  an 
analog  of  the  shock  pressure,  A  2.5-shot  Bruceton  up  and  down  procedure  is  used  to 
determine  the  50%  detonation  response  to  an  analog  of  shock  pressure  stimulus.  A 
detonation  is  defined  to  begin  when  the  explosive  reaction  causes  the  0.144  inch  i.d.  of 
the  steel  sample  holder  to  expand  sufficiently  to  allow  a  0.152-inch  gage  to  pass  freely 
through  the  hole.  The  results  for  the  seven  formulations  tested  are  listed  in  table  4  and 
represented  graphically  in  figure  12. 

The  explosive  output  test  employs  the  above  exploding  foil  stepper  assembly  to 
stimulate  detonations.  A  measure  of  plastic  deformation  in  the  confining  metal  parts 
provides  the  means  tor  evaluating  output  (ref  12).  A  typical  detonation  signature  is 
produced  ir.  a  e'oel  witness.  Its  volume,  a  function  of  modeling  clay  weight,  is  used  to 
evaluate  explosive  output.  Seven  tests  per  formulation  were  stimulated  with  a  shock 
pressure  analagous  to  a  9  000  volt  charge  on  the  capacitor.  This  value  was  arbitrarily 
selected  in  the  belie, r  that  it  would  probably  stimulate  prompt  detonation  in  the  explosive. 
The  we'ght  of  clay  required  to  fi!!  che  dent  produced  by  the  reaction  of  each  formulation 
is  listed  in  table  5  Star.dard  composition  B  is  assigned  a  value  of  100%  ana  a  relative 
output  ccmparison  is  made  for  each  experimental  formulation.  A  graphical  repre¬ 
sentation  ol  these  data  is  presented  n  figure  1 3. 

The  explosive  sensitivity  and  output  data  plotted  in  figure  14  and  listed  in  table  6 
were  obtained  using  a  different  approach.  The  experimental  formulation  with  1% 
polysulfone  coated  on  the  RDX  (sample  2)  —as  selected  for  comparison  with  three 
standard  explosives  (TNT,  composition  B,  and  RDX).  Reactions  in  these  explosives 
were  stimulated  with  a  spectrum  vf  shock  pressures  analagous  to  capacitor  charges  of 
6,000  to  12,000  volts,  allowing  progressive  observation  of  the  reaction  from  minimal 
initiation  to  the  maximum  detonation  velocity  intrinsically  possible  to.  the  explosives  in 
the  1 /8-inch  njn  distance  of  this  tost. 

Results  end  Conclusions 

The  modifications  made  to  compositions  B.  in  general,  increase  its  sensitivity  to 
shock  stimulus.  Military  explosives  require  sophisticated  fuse  train  systems  to  initiate 
deionation.  Outside  o<  a  malfunctioning  fuse  it  is  extremely  difficult  to  accidentally 
create  a  shock  stimulus  that  would  detonate  an  explosive.  Mort  accidents  begin  with 
hotspots,  of  various  magnitudes,  that  initiate  burning  in  the  explosive.  If  sufficient 
confinement  or  material  is  present  a  transition  from  deflagration  to  detonation  (DDT) 
can  occur.  If  the  concepts  being  developed  ;n  inis  work  can  be  successfully  combined. 
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then  some  of  the  factors  controlling  DDT  can  be  moderated.  The  hazard  cannot  be 
eliminated,  but  the  source  of  the  ignition,  confinement,  or  quantity  of  the  explosive 
needs  to  be  greater  than  the  norm  to  result  in  the  same  severity  of  a  DDT  accident.  A 
negative  tradeoff,  however,  does  rise  in  the  event  a  DDT  does  occur  and  neighboring 
munitions  would  be  more  vulnerable  to  sympathetic  detonation. 

The  work  of  Machacek  et  al  (ref  9)  indicates  that  the  problem  may  be  circumvented. 
TNT  miscible  additives  which  impart  desirable  plastic  flow  properties  to  composition  B 
also  desensitize  the  explosive  to  shock  initiation. 


EXUDATION 


Background 

Exudation  is  a  process  of  deterioration  that  weakens  the  structure  of  composition  B 
with  the  passage  of  time.  Impurities.,  high  temperature,  and  pressure  combine  to  cause 
low  melting  eutectics  to  migrate  through  the  TNT  matrix.  It  is  desirable  to  minimize  this 
behavior. 

Procedure  and  Results 

The  problem  appears  to  be  based  on  impurities  created  in  TNT  by  its  manufacturing 
process.  Rather  than  strive  for  a  purer  TNT  product  the  approach  taken  here  is  to 
interpose  a  barrier  to  the  migration  mechanism  through  the  use  of  TNT  additives.  A 
50/50  mixture  of  stabilizing  plasticizers  and  cellulose  propionate  (PCP)  comprises  the 
antiexudate  (0.5%)  used  in  the  TNT  melt.  The  rationale  for  its  use  as  well  as  tech¬ 
niques  and  test  procedures  are  described  in  reference  3. 

Briefly  stated  the  exudation  test  simulates  the  confinement  of  an  explosive  within  an 
artillery  projectile.  A  length  to  diameter  ratio  of  6  (6  in.  long  x  1  in.  dia.)  in  a  110-gram 
specimen  approximates  the  geometry  of  a  typical  shell  filler.  The  test  fixture  is  sub¬ 
jected  to  a  constant  temperature  (71  °C>  for  a  specified  period  of  time  (160  and  320  hr). 
The  exudation  that  occurs  is  collected  on  special  absorbent  paper  that  envelops  the 
explosive.  The  weight  of  exudate  is  reported  as  a  precentage  of  the  initial  specimen. 
The  limited  quantity  of  material  available  for  this  study  pemnited  only  one  test  per  for¬ 
mulation.  Numerous  tests  of  the  PCP  antiexudate  system  were  successfully  conducted 
previously  (ref  13).  The  results  are  listed  in  table  7  and  graphically  shown  in  figure  15. 

Results  and  Conclusions 

With  only  one  test  per  formulation  no  attempt  is  made  to  interrelate  the  effect  of 
additives  with  respect  to  one  another  on  exudation.  However,  the  data  dramatically 
indicate  that  under  the  conditions  of  an  accelerated  exudation  test  the  antiexudate 
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formulation  can  virtually  eliminate  the  problem.  This  conclusion,  although  based  on 
only  two  tests  with  the  additive  is  sufficiently  promising  to  encourage  intensive  inves¬ 
tigation  in  a  problem  area  that  is  potentially  unsafe. 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  principle  objective  of  this  feasibility  study  has  been  achieved.  It  has  been 
demonstrated  that  an  improvement  can  be  made  at  each  of  four  steps  in  the  progres¬ 
sion  of  events  that  lead  to  potential  inbore  explosions  with  composition  B.  The  probabil¬ 
ity  of  an  incident  occurring  would  diminish  exponentially  with  an  improvement  at  each 
step.  These  steps  involve  correcting  the  prerequisites  (flaws  and  brittle  failure)  and 
desensitization  to  the  resulting  thermal  response  (ignition  and  deflagration). 

A  flaw  of  sufficient  magnitude  is  the  trigger  which  starts  the  accident.  The  closed 
bomb  burning  test  indicates  that  pressure  casting  would  reduce  the  number  and 
severity  of  these  flaws.  The  existence  of  a  flaw  provides  the  focal  point  for  hotspot 
ignition  because  of  the  brittleness  and  structual  weakness  of  the  casting.  A  sudden 
collapse  of  the  structure  in  response  to  inertia  creates  the  hotspot  which  can  ignite  the 
explosive.  The  ability  of  the  explosive  formulation  to  resist  this  collapse  can  be  in¬ 
creased  by  a  factor  of  three.  This  would  have  a  favorable  impact  on  the  statistics  of 
inbore  explosions. 

There  is  still  concern,  however,  that  a  sufficiently  serious  flaw  may,  even  with 
stringent  controls  and  improved  techniques,  be  accidentally  introduced  in  to  the  casting. 
In  stronger  material,  structural  failure  could  develop  increased  quantities  of  potential 
energy  that  would  almost  certainly  ignite  the  explosive.  The  work  of  Machacek  (ref  9) 
suggests  that  taking  the  opposite  approach  of  making  the  structure  more  pliable  may  be 
more  fruitful.  He  indicates  that  virtually  any  degree  of  malability  can  be  imparted  to 
composition  B  with  TNT  miscible  additives.  This  approach  has  the  potential  on  its  own 
of  providing  a  composition  B  formulation  that  is  invulnerable  to  inbore  explosions  and 
should  be  seriously  examined. 

Even  if  inbore  explosions  could  be  totally  prevented  at  the  second  step  of  the 
hazard  train,  the  investigation  of  factors  which  moderate  ignitability  and  reaction  rate 
(third  and  fourth  step)  should  be  continued.  These  are  the  properties  of  an  explosive 
that  control  deflagration-to-detonation  (DDT)  in  any  hazard  situation  as  well  as  con¬ 
tributing  to  inbore  explosions.  There  is  a  link  between  compositions  B's  ignitability  and 
its  subsequent  reaction  rate,  whereby  both  properties  have  been  successfully  inhibited 
with  thin  passive  RDX  coatings.  This  suggests  that  thin  coatings  of  active  suppressants 
that  work  at  inhibiting  reactions  through  cooling  or  ionic  exchange  on  demand,  may  be 
better  at  mitigating  the  hazards  of  ignition  threats  and  deflagration. 
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Shock  initiation  and  hotspot  ignition  are  responses  to  different  mechanisms.  The 
formulation  modifications  intended  to  improve  the  explosives  thermal  behavior  in¬ 
creased  its  sensitivity  to  shock  stimulus.  This  is  a  negative  tradeoff  that  can  increase 
the  explosive’s  vulnerability  to  sympathetic  detonation  and  appears  to  be  related  to 
improved  mechanical  properties.  The  work  of  Machacek  again  provides  the  opportunity 
to  avoid  this  problem.  TNT  miscible  additives,  which  impart  beneficial  plastic  flow 
properties  to  the  physical  structure  of  composition  B  also  desensitize  the  explosive  to 
shock  sensitivity. 

The  problem  of  exudation  is  a  side  issue  to  this  work.  It  is  conceivable,  if  not 
probable,  that  serious  flaws  might  be  developed  through  the  migratory  flow  mechanism 
of  exudation  and  in  some  way  contribute  to  inbore  explosions.  Exudation  in  composi¬ 
tion  B  can  be  controlled,  and  as  work  progresses  with  new  variations  of  composition  B 
the  problem  of  exudation  should  be  examined. 
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Table  1.  Sample  formulations* 

1 .  1  %  wax  in  TNT  (standard  composition  B) 

2.  1%  polysulfone  precoated  on  RDX 

3.  2%  polysulfone  precoated  on  RDX 

4.  3%  polysulfone  precoated  on  RDX 

5.  1%  polysulfone  on  RDX  and  0.12%  HNS  in  TNT 

6.  1%  polysulfone  on  RDX  and  0.5%  PCP  in  TNT 

7.  1%  PS  on  RDX  and  0.12%  HNS  +  0.5%  PCP  in  TNT 


All  fomulations  based  on  RDX/TNT  (60/40). 


Table  2.  50%  response  to  pressure  and  energy 


Sample 

no. 

Capacitor 

charge 

(volts) 

Energy 

(joules) 

Threshold 

Pressure 

(MPa) 

Reciprocal 

Pressure 

(1/MPa) 

1 

90 

0.0288  ±0.0010 

126.6  ±  17.8 

0.00790 

110 

0.0517+0.0010 

96.6  ±  6.3 

0.01036 

130 

0.0690  ±0.0010 

83.0  ±  5.3 

0.01204 

150 

0.0950  ±0.0014 

71.0  ±  8.6 

0.01408 

3 

90 

0.0329  ±  0.0005 

1 33.4  ±  15.6 

0.00750 

110 

0.0506  ±  0.0007 

1 15.0  ±  6.8 

0.00869 

130 

0.0678  ±  0.0034 

95.1  ±  7.0 

0.01052 

150 

0.0953  ±0.001 4 

79.3  ±  13.3 

0.01261 

4 

90 

0.0334  ±  0.0009 

141.6  ±  15.1 

0.00706 

110 

0.051 2  ±0.0009 

1 17.6  ±  7.0 

0.00850 

130 

0.0738  ±0.0010 

105.8  ±  5.8 

0.00945 

150 

0.0976  ±0.0016 

86.6  ±  5.2 

0.01154 

5 

90 

0.0321  ±  0.0006 

147.1  ±  2.0 

0.00684 

110 

0.0483  ±0.0012 

130.2  ±  10.3 

0.00768 

130 

0.0681  ±  0.0008 

106.6  ±  3.3 

0.00939 

150 

0.1 000  ±0.0014 

87.2  ±  5.3 

0.01146 

6 

90 

0.0335  ±0.0008 

135.5  ±  2.8 

0.00738 

110 

0.0514  ±0.0008 

115.1  ±  10.1 

0.00869 

130 

0.0729  ±0.0011 

94.7  ±  10.2 

0.01056 

150 

? 

90 

0.0343  ±  0.0007 

134.2  ±  7.8 

0.00745 

110 

0.0462  ±  0.0010 

118.4+  14.3 

0.00845 

130 

0.0672+  0.0015 

100.5  ±  12.3 

0.00995 

150 

0.0921  ±0.0019 

81.6+  7.8 

0.01225 
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Table  3. 

Relative  ignitability  equations 

Sample 

Slope 

Intercept 

r2 

1 .  Composition  B 

0.0934 

0.00539 

0  994 

3.  1  %  PS  coating  only 

0.0837 

0.00467 

0.994 

4.  3%  PS  coating  only 

0.0669 

0.00486 

0.982 

5.  1%  PS  coat  and  HNS 

0.0698 

0.00453 

0.993 

6.  1  %  PS  coat  and  PCP 

0.0809 

0.00462 

0.998 

7.  1%  PS  coat  and  HNS  +  PCP 

0.0833 

0.00455 

0.996 

Table  4.  Slapper  stimulated  shock  sensitivity 


Sample 

Density 

g/cm3 

Shock  sensitivity 
(volts) 

1 .  Composition  B 

1.65  ±0.004 

5215 ± 166 

2.  1  %  PS  coating  only 

1 .66  +  0.004 

4801 ± 185 

3.  2%  PS  coating  only 

1.65  ±0.002 

4766  i  355 

4.  3%  PS  coating  only 

1.65  ±0.005 

4978  ±  395 

5.  t%  PS  coat  and  HNS 

1.67  ±0.006 

4928  ± 205 

6.  1%  PS  coat  and  PCP 

1.65  ±0.008 

5131  ±213 

7.  1  %  PS  coat  and  HNS  +  PCP 

1 .65  ±  0.009 

51 59  ± 121 

l 

\ 
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Table  5.  Relative  performance  at  9,000  volts 
Dent* 


Sample 

(g) 

Relative  Output 

1 .  Composition  B 

0.034210.0017 

100% 

2.  1%  PS  coating  only 

0.036910.0014 

108% 

3.  2%  PS  coating  only 

0.0356 1  0.0034 

104% 

4.  3%  PS  coating  only 

0.0355 1  0.0025 

104% 

5.  1  %  PS  coat  and  HNS 

0.0361  1  0.0027 

106% 

6.  1%  PS  coat  and  PCP 

0.036810.0010 

108% 

7.  1  %  PS  coat  and  HNS  +  PCP 

0.036510.0021 

107% 

‘Grams  of  clay  needed  to  fill  dent  volume. 
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Table  6.  Analog  of  shock  pressure  (volts)  versus  output  (g) 


Shock  pressure 
(volts) 

TNT 

(9) 

Comp  B 

(g) 

1%  coat 
(g) 

RDX 

(g) 

6,000 

0.0 

0.0 

0.0177 

0.0430 

6,500 

0.0 

0.0 

0.0308 

— 

7,000 

0.0019 

0.0032 

0.0364 

0.0468 

7,500 

0.0146 

0.01 ,7 

0.0348 

— 

8,000 

0.0190 

— 

0.0403 

0.0470 

8,000 

0.0243 

0.0266 

0.0355 

0.0480 

9,000 

0.0251 

0.0328 

0.0372 

0.0475 

9,500 

0.0249 

0.0386 

0.0402 

0.0479 

10,000 

0.0252 

0.0386 

0.0395 

0.0478 

10,500 

O.0263 

0.0386 

0.0404 

0.0474 

11,000 

0.0256 

0.0361* 

0.0404 

0.0474 

11,500 

0.0256 

0.0395 

0.0383* 

0.0485 

12,000 

— 

0.0387 

0.0416 

0.0491 

'Omitted  from  plot. 

0.0384  ± 

0.0401  ± 

0.0011 

0.0011 

(100%) 

(104%) 
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Figure  1 .  Atmospheric  (dots)  versus  pressure  cast  comp  B 
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Figure  2.  Atmospheric  versus  pressure  cast  comp  B 
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Figure  3a.  1%  polysulfone  coated  on  RDX  (2) 
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Figure  3b.  2%  poiysulfone  coated  on  RDX  (3) 
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STRESS  (MPa) 


UNIAXIAL  COMPRESSION  RELATIVE  TO  COMP  B 


Figure  3c.  3%  polysulfone  coated  on  RDX  (4) 
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Finure  3d.  1%  PS  on  RDX  and  0.12%  HN 


S  in  TNT  (5) 


UNIAXIAL  COMPRESSION  RELATIVE  TO  COMP  B 


Figure  3e.  1  %  PS  on  RDX  «ind  0.5%  PCP  in  TNT  (6) 
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Figure  3f.  1%  PS  on  RDX  and  0.12%  HNS  +  0.5%  PCP  in  TNT  (7) 
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Figure  7.  Effect  of  TNT  modifiers  with  RDX  coating 


Figure  8.  Effect  o?  HNS  without  anitexudate  (PCP) 
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DEFLAGRATION  RELATIVE  TO  COMP  B  Cl) 


Figure  9a.  1%  polysultone  coated  on  RDX  (2) 

32 


3ETV..  VL  a.  £l  zk  "£*  &  **  £*  £k  £ 


DEFLAGRATION  RELATIVE  TO  COMP  B  Cl) 


PRESSURE,  MPa 


Figur'e  9e.  1  %  PS  on  RDX  and  0.5%  PCP  in  TNT  (6) 
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Figure  9f.  1%  PS  on  RDX  and  0.12%  HNS  +  0.5%  PCP  in  TNT  (7) 
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Figure  14.  Performance  of  modified  comp  B  versus  standard  explosives 
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